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@ Resolution system. 

@ The invention relates to a process for the kinetic resolu- 
tion of D,L-racemic mixtures of racemates crystallizing as con- 
glomerates. Resolution is effected from supersaturated solu- 
tions of these which is carried out in the presence of a polymer 
bound inhibitor of crystallization of the one form, resulting in 
the preferred crystallization of the one form, and when the 
other form is desired - in the presence of such inhibitor for the 
other form. Amongst racemic mixtures amenable to this pro- 
cess are amino acids. 
^ The process can be carried out in a two-compartment device, 
^ where the compartments are separated by a membrane which 
^ is permeable to the constituents of the racemate, while it is 
impervious to the polymer-bound inhibitor for the crystalliza- 
\f tion of one of the racemic forms. 
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Field of the Invention: 

The invention relates to a process for the kinetic resolution of 
D,L-racemic mixtures of racemates which crystallize as conglomerates. 
The resolution is effected in the presence of a suitable polymeric 
inhibitor, which consists of a polymer backbone to which there is bound 
either the D form of the enantiomers (or of a modified compound) when 
the preferred crystalline form is to be the L-form of the racemate, or 
an L-form of the enantiomers when the resolved form desired is the 
D-form. Some of the polymers used for the resolution are novel and 
form part of the invention. Furthermore, this invention relates to a 
process of resolution as set out above, where the conglomerate phase is 
metastable. 

Background of the Invention: 

It has been demonstrated that kinetic resolution of racemates 
crystallizing in the form of conglomerates can be accomplished by 
carrying out the crystallization in the presence of small amounts of 
resolved additives, the stereochemical molecular structure of which 
resembles that of one of the enantiomers of the said racemic mixture. 
According to that process the non-rpolymeric inhibitors were added in 
rather large quantities (up to 10% wt/wt of racemic mixture). In 
addition such additives were occluded in the bulk of the precipitating 
crystals, in typical amounts of 0.5 - 1.5%. Furthermore, the additive 
cannot be separated from the precipitating crystals, see U.S. Patent 
No, 4,533,506, granted August 6, 1985; see also Addadi et al., 
J.Am.Chem.Soc, 104 4610 (1982). 

In the present invention the use of polymeric inhibitors makes it 
possible to reduce the quantity of the additive by up to a factor of 10 
or more. 
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The invention relates tilso to a process of resolution as set out 
above, where the racemate is provided in adjacent compartments of the 
resolution cell, separated by a suitable membrane, there being added to 
the first compartment an inhibitor of D-form crystallization, and to 
the other compartment an inhibitor of L-form crystallization. The 
result is that in one compartment essentially pure L-form enantiomer is 
obtained, and in the other D-form. This is made possible by the fact 
that contrary to the simple additives used before, the polymeric forms 
do not pass through such membranes. 

The invention also relates to this process of separation where a 
two-compartment device with a membrane is used and to a separation 
device for this purpose. Various polymers can be used. As example, 
the invention is illustrated with reference to certain 
poly-(N-acryloyl-L- or -O-amino acid) and poly-(N-methacryloyl-D- or 
-L-amino acid) as the compounds which are used as inhibitors, the amino 
acid bound to the polymer being chosen according to the racemate which 
is to be resolved. 

We have found that addition in solution of poly-(N -acryloyl-L- 
lysine) (L-PAL) or poly-(h^-methacryloyl-L-lysine) (L-PMAL) M.W. or 
poly-[L-t£ -glutamyl )N-Acryloyl)hydrazide] )L-PGAH) with different 
molecular weights in 0.1-1% wt/wt to a supersaturated solution of 
D,L-glutamic acid.HCl, (Glu.HCl) brings about a preferred 
crystallization of D-glutamic acid.HCl (D-Glu.HCl). Similarly, 
addition of poly-(N -acryloyl -D-lysine) (D-PAL) or the methacryloyl 
analogue or D-PGAH allows the L -glutamic acid to precipitate. 
Furthermore, we have found that from a supersaturated aqueous solution 
of D,L-asparagine (Asn) addition of (L-PAL) or (L-PMAL) allows the 
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preferred precipitation of D-asparagir.e rrcnohydrateV *(D-Asn.H^0) and 
the addition of D-analogue polymers allows the separation of 
L-asparagine monohydrate (L-Asn.H 2 0). Similarly, the addition of 
(L-PAL) or (L-PMAL) in 0.1-1X wt/wt to a supersaturated solution of D,L 
threonine (DL-Thr), brings about preferred crystallization of 
D-Threonine (D-Thr). Addition of (D-PMAL) or (D-PAL) leads to 
preferred crystallization of L-threonine (L-Thr). 

Analogously, poly-(N-acryloyl-(p-aminobenzoyl)-D-sec- 
phenethylamide) (D-PA-PAB-PHA) allows the preferential crystallization 
of L-sec-phenethylalcohol as its 3, 5-dinitrobenzoate from a racemic 
mixture. Inclusion of poly-(N-acryloyl-(p-aminobenzoyl)-L-sec- 
phenethylamide) (L-PA-AB-PHA) causes the preferred precipitation of the 
D-form. Analogously, the addition of the poly (P-acrylamido-L -phenyl 
alanine) (L-PA-PhE) or poly-(acryloxy-L-p-tyrosine) (L-PAO-Tyr) or the 
corresponding methacryloyl polymers allow the preferential 
crystallization of D-histidine . HC1 . h^O (D-His.HCl.^O) from a 
racemic mixture both at T>45°C and T< 45°C, where the conglomerate 
phase is metastable. Further, the addition of poly-(p-acrylamido- 
D-phenyi alanine) (D-PA-Phe) or poly-(acryloxy-D-p-tyrosine) 
(D-PAO-Tyr) or the corresponding methacryloyl polymer allows the 
preferential crystallization of L-histidine.HClH 2 0 from the racemic 
mixture. Similarly, the addition of (L-PAL) or (L-PA-Phe) or (L-PMAL) 
or (L-PAO-Tyr) or the corresponding methacryloyl polymers allows the 
preferential crystallization of D-p-hydroxphenyl-glycine-p-toluene- 
sulphonate (D-pKPGpTS). The addition of any of the same D polymers 
results in the preferential crystallization of L-pHPGpTS. In a similar 
way, the addition of poly-(p-acrylamido-L-$<-methyl-phenyl alanine) or 
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the corresponding methacryloyl polymer allows the preferential 
crystallization of D-«l-methyl-D0PA (3 f A-dihyroxy-</-methyl -phenyl 
alanine). The addition of any of the same D polymers allows 
preferential crystallization of L-^-irethyl-DOPA. 

A similar resolution can be effected by using a device comprising 
two compartments separated by a membrane, provided with means for 
agitation. The L-type polymer is in one compartment (A) while the 
D-type polymer is in the second compartment (B). The polymer cannot 
diffuse through the membrane while the molecules of the substrate 
equilibrate (diffuse through the membrane). 

Our previous patent, U.S. Patent 4,533,506 describes that racemic 
conglomerates can be resolved by small molecular weight additives. We 
have now found that soluble polymers are much more efficient and 
useful. The fact that the additive is chemically bound to a polymer 
backbone, taking advantage of the cooperative effect, makes it possible 
to introduce the polymer in the desired solution in a very reduced 
amount (up to 1% wt/wt) of the racemic mixture to be resolved. In 
addition the polymer is not occluded in the crystals but remains in 
solution. Improved resolution, i_.e^. high chemical and optical yield of 
the desired enantiomer is achieved. Since the additive is linked to a 
polymer of high molecular weight, it allows carrying out the resolution 
of a racemic mixture in a device of two compartments separated by a 
membrane . 
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EXPERIMENTAL 

This invention can be used to produce crystalline threonine, 
asparagine.H 2 0, glutamic acid.HCl, phenethyl alcohol (as its 
3,5-dinitrobenzoate), histidine HCl.h^O and p-hydroxyphenylglycine 
(as its p-toluenesulphonate salt) enriched in the desired enantiomer, 
or in its pure enantiomeric form, without requiring the use of seed 
crystals of this enantiomer. The use of seed crystals of this 
enantiomer may, however, be desirable from the point of view of the 
rate of crystallization. For the case where a seed crystal of the 
desired enantiomer is used, this invention describes an improvement of 
the process for threonine, asparagine, glutamic acid.HCl, sec -phenethyl 
alcohol, histidine.HCl.h^O and pHPGpTS by further addition in 
solution of the appropriate polymers for each compound. The following 
examples are illustrative to the present invention but are not to be 
interpreted in a limiting sense. 
EXAMPLES 1-23: 

Glutamic acid.HCL : D,L glutamic acid (D,L-Glu) (1 g) and poly- 

t e 
(N-acryloyl-L-lysine) or poly-(N-methacryloyl-L-lysine or poly-[L- 

-glutamyl )N-Acryloyl )hydrazide] were heated in hydrochloric acid 5N (5 

ml) at about 60°C to complete dissolution. The solution was 

filtered, cooled to room temperature with or without agitation and seed 

crystals (0.5 mg) of D,L-Glu.HCl added. Crystals formed (20 hrs) were 

separated by filtration and their enantiomeric excess was determined. 

The conditions and the results are summarized in Tables I and II. 

EXAMPLE 24 : 

An experiment for resolution of D,L-glutamic acid.HCl by a device 
composed of two compartments separated by a membrane is described. A 
round perspex piece of 9 cm exterior diameter, 6 cm internal diameter 
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and 0.9 cm thickness was connected to another piece "of perspex of the 
same dimensions via a membrane with cut-off of 10000-15000, and 
mechanically shaken for 48 h. Into each compartment a solution of A g 

D,L-glutamic acid in 20 ml of HCl 5N was introduced (total 8 g/40 ml). 

€ e 
Poly -(N-acryloyl-L -lysine) or poly-(N-methacryloyl-L-lysine) was 

e 

dissolved in one compartment (A) while poly-(N-acryloyl-D-lysine) or 
i 

poly-(N-methacryloyl-D-lysine) was dissolved in the second compartment 

(B). Each compartment was seeded with 0.5 mg of D,L-glutarnic 

acid. HCl. After 48 h the solid from each compartment was filtered to 

give from compartment (A) 605 mg of D-glutamic acid. HCl with ( <^)o = 

-24°C and from compartment (B) 575 mg of L-glutamic acid. HCl with 

( *-)D = + 24°C. 

EXAMPLES 25-29 

Asparaqine.H 2 Q; a slurry of D.L-Asn.l-y} (500 mg) and 

e 

poly-(N-methacryloyl-L-lysine) in water (5 ml) was heated to about 
80°C until complete dissolution occurred. The warm solution was 
filtered and cooled to room temperature without agitation. After 20 h 
the separated crystals were recovered by filtration and the 
enantiomeric excess was determined. The conditions and results are 
summarized in Table III. 
EXAMPLES 30-38 

E, 

Threonine : D, L-Threonine (DL-Thr) and poly-(N-methacryloyl-L-lysine) or 

& n 
poly-(N-acryloyl-L-lysine) were heated in water to about 80 C until 

complete dissolution occurred. The hot solution was filtered and 

cooled to room temperature. After a defined time the precipitate was 

filtered and the enantiomeric excess was determined. The conditions 

and results are summarized in Table IV. 
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EXAMPLE-39-48 

3.5-Dinitro-sec-Phenethyl Benzoate : A solution of 
3,5-dinitro-DL-sec-phenethylbenzoate in toluene and a solution of 
poly-(N-acryloyl-(p-amino-benzoyl)-D-sec-phenethylamide) or the 
poly-L -analogue in N,N' -dime thy 1-formamide were mixed together, heated 
to complete dissolution, and seed crystals of 

3,5-dinitro-DL-sec-phenethylbenzoate (0.5 mg) added. The crystals 
which were formed were separated by filtration, dried and the 
enantiomeric excess was determined. The results and conditions are 
summarized in Table V. 
EXAMPLES 49-59 : 

Histidine . HC1 . 1~U 0; D.L-His .HC1 .f-yD (3.2 g) and the appropriate 
polymer were slurried in water (5 ml) and the slurry was heated to 
complete dissolution. The hot solution was filtered and allowed to 
stand at 50°C for 20 hrs without agitation. The crystals were 
collected by filtration and the enantiomeric excess was determined. 
The results are summarized in Table VI. 
EXAMPLES 60-67: 

Histidine. HCl.K -,0: D , L-His . HC1 . I-^O (4.0 g) and the appropriate 
polymer were slurried in water (10 ml) and the slurry was heated to 
complete dissolution. The hot solution was filtered, cooled to 25°C, 
seeded and allowed to stand without agitation for 3-7 days. The 
crystals were collected by filtration and the enantiomeric excess was 
determined. The results are summarized in Table VII. 
EXAMPLES 68-76 : 

phPGpTS : D,L-pHPGpTS and the appropriate polymer were slurried in 0.5 M 
p-toluenesulfonic acid in water, and the slurry was heated until 
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complete solution occurred. The hot solution was filtered and allowed 
to cool to room temperature without agitation. The crystals were 
collected by filtration and the enantiomeric excess was determined. 
The conditions and results are summarized in Table VIII. 
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Example 

1 
2 

• 3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
16 
19 
20 
21 



agitation: 



type of polymer 



L-PMAL 



L-PAL 



D-PAL 
L-PGAH 
t» 

D-PGAH 



weight* 

(%) of 
polymer 



3 
3 
2 
1 
1 
1 

0.5 

0.5 

0.1 

0.1 

3 

1 

0.5 
0.1 
0.5 
0.1 

1.0 
0.8 
0.5 
0.8 
0.5 



p'tfeclpltatefl 
loCl'D crystals 
degree e.e. (%) 


-23.3 


94.7 


-23.7 


96.3 


-24.2 


on d 


-23.2 


94.3 


-24.0 


97.5 


-24.2 


98.4 


-23.8 


96.7 


-23.6 


95.9 


-11.8 


47.9 


-10.2 


41-4 


-24.0 


97.5 


-23.8 


96.7 


-23.3 


94.7 


-23.8 


96.7 


+22.9 


93.0 


+23.7 


96.3 


-23.7 


96.3 


-24.2 


98.4 


-24.2 


98.4 


-24.0 


97.5 


-24.2 


98.4 



chemical 
yield % 

22.5 

25.2 

22.0 

26.6 

21.6 

22.0 

20.3 

26.5 

33.6 

37.2 

15.3 

12.5 

16.1 

11.6 

15.7 

19.3 
18.0 

10.0 

12.0 

18.0 

18.0 



^\f\ HCI This same notation 
.1 expressed in weight * of racemic J^.^ following fables, 
(weight % of racemic material; ts us 

precip itate Th i s same 

*2 the chemical yield is defined as*^^ race mic mixture 

notation is used in all .the following tables. 
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Table II ; The . following experiments were carried out with agitation 
(magnetic stirring). 



weight precipitated 
(%) of [<C) D crystals chemical 

Example type of polymer polymer degree e.e. (%) yield % 



22 


L-PMAL 


1 


-24.2 


98.3 20.4 


23 - 


it 




1 


-24.0 


97.5 22.0 


Table 111 


- (Asn.H 2 0) 
















preci p ltated 




conditions 




weight Jof 


1(C) D 


crystals 


chemical 


seeded 


Example 


polymer 


degree 




yield % 


with 0.5rog of 


25 


0.2 


- 4.3 


14 


52.2 


DL~Asn.H 2 o 


26 . 


1 


- 9.0 


29.5 


45.0 


DL-Asn.^O. 


27 


2 


-28.3 


92.7 


14.6 


D-Asn.H^O 


28 


4 


-12.0 


39.3 


40.0 


DL-Asn.H 2 0 


29 


4 


-27.7 


90.8 


15.6 


D-Asn.H^O 
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TABLE VI: (His.*Cl.H 2 0) 



Example 



wt % type 
of of polym. seeding 

polymer polymer conf.ig. with 



precipitated 

j^ D _ crystals chemical 
degree e.e. . , . 

• yields 



49 


1 


PA-Phe 


L 


50 


1 


ti 


L 


51 


1 


it 


L 


52 


1 


ii 


D 


53 


1 


PAO-Tyr 


L 


54 


1 


*! 


L 


55 


1 


• I 


D 


56 


0 






57 


0 






58 


10 


PMAL 


L 


59 


10 


PMAL 


D 



No -8.8 91.6 6.9 

D-His.BCl.H 2 0 -9.6 100 10 

D-His.HCi.H^O -9.1 94.7 11 

l>His.HCl.H 2 0 +9.6 100 10 

D-His.HCl.H 2 0 -9.6 100 8.4 

D-His.HCl.H 2 0 -9.6 100 8.3 

L-His.HCl.H 2 o +9.2 95.8 8.5 

D-His.HCl.H 2 0 -0.9 9.3 11 

L-His.HCl.H 2 0 +0.8 8.3 10.3 

D-His.Hcl.HO -4.8 50 19.0 

L-His.HCI-H^O + 5.8 50 12.0 



TABLE VII ; (His.hfcl. ^0) 

wtfc type Polym. seeding 
Example of of config. with 

polymer polymer 



60 


2 


PA-Phe 


L 


61 . 


2 


PA-Phe 


D 


62 


2 


PAO-Tyr 


L 


63 


2 


PAO-Tyr 


D 


64 


3 


PA-Phe 


L 


65 


3 


PA-Phe 


D 


66 


3 


PAO-Tyr 


L 


67 


3 


PAO-Tyr 


D 



[ oC]d precipitated 

degree crystals chemical 



e.e.% yield(%) 

D-His.HCl.H^O -9.6 100 15 

L-His.HCl.h^O +9.6 100 15 

D-His.HCl.^O -9.6 100 15 

L-His.HCl.^O +9.6 100 15 

DL-His.HCl.r^O -9.6 100 13 

DL-His.HCl.r^O +9.6 100 13 

DL-His-HCL.h^O -9.6 100 13 

DL-His.HCl.H2O +9.6 100 13 



\ 
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TABLE viM: (PHPGpTS) 



Example 


D L 
PHfGpTS 
gr/ml* 


weight 

% of 
pol/m 


type of 
polymer 


polym 
conf i 


i seeding 
g with 


Time 
h 


precipitated 
crystals' ctjemical 
degree e.e. - yie | d * 


68 


0.4/2 


1.2 


PMAL 


L 


No 


20 


-65.7 


97.6 


13.2 


69 


0.4/2 


5 


« 


D 


No 


20 


+65 


96.5 


12.2 


70 


0.5/2 


2.5 




L 


No 


20 


-38.5 


57.2 


25.8 


71 


0.5/2 


2.5 


•t 


L 


D-PHPGpTS 


20 


-24.0 


35.7 


32.4 


72 


0.5/2 


2.5 




L 




20 


-59.7 


88.7 


22.8 


73 


1.4/4 


1 


PA-Phe 


L 


it 


2 


-66 


96.0 


16.5 


74 


1*4/4 


1 


ti 


D 


L-PHPGpTS 


2 


+67.2 


99.8 


10.0 


75 


1.4/4 


1.5 


•i 


L 


DL- » 


2 


-25 


37.1 


27 


76 


1.4/4 


1 


ti 


L 


DL— " 


2 


-33 


49.0 


21 



**A solution of 0.5N of p-toluenesulfonic acid in water. 
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EPO : : 

Clalms: 

1. A process for the kinetic resolution of D,L racemic mixtures of 
compounds crystallizing in the form of conglomerates from 
supersaturated solutions of same which comprises effecting the 
crystallization in the presence of an effective quantity of a 
polymer -bound inhibitor of the crystallization of the one form, 
thus promoting the preferred crystallization of the other form. 

2. A process according to claim 1, where the conglomerate form is 
metastable and the polymer is an inhibitor of the stable racemic 
form as well. 

3. A process according to claim 1 or 2 , where the D,L racemic 
mixture is one of an amino acid. 

4. A process according to claim 1, 2 or 3, where the inhibitor, an 
amino acid bound to a polymer, is one of the.enantiomers of the 
racemic mixture to be separated / a chemical modification 
thereof or another moiety known to inhibit crystallization of 
one of the enantiomers. 

5. A process according to any of claims 1 to A, where the polymer 
is a poly-h£acryloyl or poly-K^methacryloyl polymer, to which 
the inhibiting moiety is linked. 

6. A process according to any of claims 1 to 5, whenever effected 
in a system comprising two compartments separated by a membrane 
permeable to the constituents of the racemate, yet impermeable 
to the polymer -bound moieties, where in one compartment there is 
located an inhibitor for the crystallization of the L-form, and 
in the other an inhibitor for the crystallization of the D-form, 
said inhibitors being polymer-bound inhibiting moieties. 
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7. A process according to any of claims 1 to 6, for resolution of a 
mixture of D- and L -glutamic acid hydrochloride material which 
comprises forming a supersaturated solution of said mixture, 
adding poly-(N-acryloyl-L-lysine) or poly-(NT-methacryloyl-L- 
lysine) or POly-[L-^-glutamyl-(N-acryloyl)hydrazide] as an 
inhibitor of the L -amino acid when D-amino acid is desired, or a 
similar additive in the D-form when L-form is desired, and 
crystallizing part of the compound from said supersaturated 
solution . 

8. A process according to claim 7, wherein also seed crystals of 
the desired form of Glu. HC1 are added during the crystallization 
steD. 

9. A process according to claim 7 or 8 whenever executed in a 
membrane-separated two-compartment system. 

10. A process according to any of claims 1 to 6, for resolution of a 
mixture of D- and L-forms of asparagine, which comprises forming 
a supersaturated solution of said mixture, adding polymer-bound 
L-lysine as crystallization inhibitor of the L-form of 
asparagine when the D-form of asparagine is desired, or 
including the D-form of these polymers when the L-form of 
asparagine is desired, and crystallizing a portion of the 
asparagine from said supersaturated solution. 

11 A process according to claim 10, where, in addition seeds of 
asparagine of the desired form are added to said supersaturated 
solution. 

12. A process according to any of claims 1 to 6 for the resolution 
of a mixture of D- and L-form of threonine which comprises 
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forming a supersaturated solution of said mixture adding polymer 
bound L-lysine as crystallization inhibitor of the L-form of 
threonine when the D-form of threonine is desired, or including 
the D-form of the polymer when the L-form of threonine is 
desired, and crystallizing a portion of the threonine from said 
supersaturated solution . 
13* A process according to claim 12, where in addition seeds of 
threonine of the desired form are added to said supersaturated 
solution. 

14. A process according to any of claims 1 to 6, for resolution of a 
mixture of D- and L-Histidine HC1 which comprises forming a 
supersaturated solution of said mixture, adding polymer bound 
L-lysine or polymer bound p -amino -L-phenyl alanine or polymer 
bound L-p-tyrosine as an inhibitor of the L-amino acid when the 
D-amino acid is desired or a similar polymeric additive in the 
D-form when the L-form is desired, and crystallizing part of the 
compound from said supersatured solution, at a temperature of 
45°C or above. 

15. A process according to claim 2, for resolution of a mixture of 
D- and L- Histidine HC1 which comprises forming a supersaturated 
solution of said mixture, adding polymer bound p-amino-L -phenyl 
alanine or polymer bound L-p-tyrosine as an inhibitor of L amino 
acid when the D-amino acid is desired or a similar polymeric 
additive in D-form when the L-form is desired, and 
crystallizing part of the compound from said supersaturated 
solution at a temperature of A5°C or below. 
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16. A process according to any of claims 14 or 15, wherein also seed 
crystals of the desired form of His.HCl.^O are added during 
the crystallization step. 

17. A process according to any of claim 1 to 6, for a resolution of 
a mixture of D and L-pHPGpTS which comprises forming a 
supersaturated solution of said mixture, adding polymer bound 
L-lysine or polymer bound p-amino-L-phenyl alanine or polymer 
bound L-p-tyrosine as an inhibitor of the L-amino acid when the 
D-amino acid is desired, or a similar polymeric additive in the 
D-form when the L-form is desired, and crystallizing part of the 
compound from said supersaturated solution. 

18 A process according to claim 17, wherein also seed crystals of 
the desired form of pHPGpTS are added during the crystallization 
step. 

19. A process according to any of claims 1 to 6, for resolution of a 
mixture of D-and L-forms of 3,5-dinitro-sec-phenethylbenzoate , 
which comprises forming a supersaturated solution of said 
mixture, adding poly-[N-acryloyl-(p-aminobenzoyl)-D-sec- 
phenethylanjidej or the methacryloyl analogue as crystallization 
inhibitor of D-form of 3,5-dinitro-sec-phenethylbenzoate when 
L-form is desired, or including the L-forms of these polymers 
when D-form of 3,5-dinitro-sec-phenethylbenzoate is desired and 
crystallizing a portion from said supersaturated solution. 

20. A process according to any of claims 7, 10, 12, 14, 17 or 19, 

where the polymer bound form used is poly-(N^acryloyl ) lysine or 
€ 

poly (N-methacryloyl) -L-lysine or a corresponding polymer, as 
defined in the specific claims. 
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- * - * * ■ I 

Chiral soluble polymers ' - ---- 
21 ./for use in the resolution according to claim 1, of racemic 

mixtures of enantiomers, containing a 

specific entity which retards the crystallization of one of the 

enantiomers . 

22. A chiral soluble polymer according to claim 21 t of the form of 
c £ 
poly-(N-acryloyl-L- or D-amino acid) or poly-(N-methacryloyl-L- 

or D-amino acid), where said amino acid is adapted to retard the 

crystallization of one of the enantiomers of the mixture to be 

resolved. 
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Description 

Field of the Invention: 



5 The invention relates to a process for the kinetic resolution of D,L-racemic mixtures of racemates which 
3«l 2 ^ a » co "8 ,omerat i e i f • resolution is effected in the presence of a suitable polymeric inhibitor, which 
romn^nl back ? one }° which there is bound either the D form of the enantiomers (or of a modified 

compound) when the preferred crystalline form is to be the L-form of the racemate. or an L-form of the 

10 t„d?o™^^Vr Ved f ,° rm d c eSir t ed iS the D f0rm - Some of ,he P 01 *™™ used f ° r the resolution are 

10 novel end form part of the invention. Furthermore, this invention relates to a process of resolution as set out 
above, where the conglomerate phase is metastable. 



15 Background of the Invention: 



h« ^™nf£htT^ 1 ■ that kinetic resolution of racemates crystallizing in the form of conglomerates can 
be accomplished by carrying out the crystallization in the presence of small amounts of resolved additives the 
on *?J" eocnem,ca ' ^ molecular structure of which resembles that of one of the enantiomers of the said racemic 
20 mixture According to that process the non-polymeric inhibitors were added in rather large quantities (up to 10 

°l^ZV^T T t\ a c dd JS° n SUCh \ ddit L VeS W6re OCC,Uded in tne bulk of the precipitating corals, 
•n typical amounts of 0.5 - I E I %. Furthermore, the additive cannot be separated from the precipitating c^stals 

(1982) ^ 9USt * 19851 866 a ' S0 Add3di 64 8| - J Am - Soc. 104 4610 

25 In the present invention the use of polymeric inhibitors makes it possible to reduce the quantity of the 
additive by up to a factor of 10 or more. r 

The invention relates also to a process of resolution as set out above, where the racemate is provided in 
adjacent compartments of the resolution cell, separated by a suitable membrane, there being added to the first 

30 c^faSt^ VLlH' b T °i! P" f ° rm cr y stallizati °". a "« to the other compartment an inhibitor of L-form 
30 crystallization The result is that in one compartment essentially pure L-form enantiomer is obtained, and in the 

other D-form. This is made possible by the fact that contrary to the simple additives used before, the polymeric 

forms do not pass through such membranes. 

Ic^h'Th!^ alS ° re ' ates to this process of separation where a two-compartment device with a membrane 
is used and to a separation dev.ce for this purpose. Various polymers can be used. As example, the invention is 
35 illustrated with reference to certain poly-(N*-acryloyl-L- or -D-amino acid) and poly-(Nc-rnethacryloyl-D- or L- 
amino acid) as the compounds which are used as inhibitors, the amino acid bound to the polymer being chosen 
according to the racemate which is to be resolved. s 
We have found that addition in solution of poly-fN'-acryloyl-L-lysine) (L-PAL) or poly-(Ne-methacryloyl-L- 
40 T*! W ° r P 0, y-l L -«-9'utamyl)N-AcryloyI)hydrazide] (L-PQAH) with different macular weigh7s in 0 1 
40 - 1 % wt/wt to a supersaturated solution of D,L-glutamic acid.HCI, (Glu.HCI) brings about a preferred 
crystallization _of D-glutamic acid.HCI (D-Glu.HCI). Similarly, addition of poly-(N*-acryloyl -D-Lysine) (D-PAL) or 
the methacryloyl analogue ot D-PGAH allows the L-glutamic acid to precipitate. Furthermore, we have found 
that from a supersaturated equeous solution of D,L-asparagine (Asn) addition of (L-PAL) or (L-PMAL) allows 
the preferred precipitation of D-asparagine monohydrate, (D-Asn.H 2 0) and the addition of D-analogue 
n pm! n 3 n W , S tha 5f P arat,on of L-asparadine monohydrate (L-Asn.H 2 0). Similarly, the addition of (L-PAL) or 
(L-PMAL) in 0.1 - 1 % wt/wt to a supersaturated solution of D,L threonine (DL-Thr), brings about preferred 

SKSf-Thr) ( )- Addit, '° n ° f (D " PMAL) ° r (D PAL) ' eadS t0 Pr6ferred orysta..iza P ion of L 

«J *^ los ° us 'y'P°^ (D-PA-PAB-PHA) allows the pref- 

1TJ IT all, 1 2at,on ? f L-sec-phenethylalcohol as its 3.5-dinitrobenzoate from a racemic mixture. Inclusion of 
poly-(N-acryloyl-(p-aminobenzoyl)-L-sec-phenethylamide) (L-PA-PAB-PHA) causes the preferred precipitation 
?L~L 7° rm : 8 °, 9< Jl' S i y ;o h T e f dd ' t,0 r ° f the PO'VtP-acrylamido-L-phenyl alanine) (L-PA-PhE) or poly- 
(acryloxy-L-p-tyros.ne) (L-PAO-Tyr) or the corresponding methacryloyl polymers a low the preferential 
ciystall.zat.on of D-histidine.HCI.H 2 0 (D-His.HCI.H 2 0) from a racemic mixture both at T > 45° C and T < 45° C 
S? e o e \ con ? ,o m erate Phase is metastable. Further, the addition of poly-(p-acrylamido-D-phenyl alanine) (D- 
PA-Phe) or poly-tacryloxy-D-p-tyrosine) (D-PAO-Tyr) or the corresponding methacryloyl polymer allows the 

preferential crystallization of L-histidine.Hci H-n fmm tho «>:_:.—... -\. . . 

Il pa Ph«»» /vr'ri miAii „. /• D *n t \ ■■- - — "•">"""• oiiMiiopiy. uie addition or ii_-r/M-i or 

1 ( / ^ A y ° r ( L - pA0 " T V r ) or the corresponding methacryloyl polymers allows the preferential 

bo cr y St3 r l ,2a, ! 0n ° f D -P-hydroxphenyl-glycine-p-toluenesulphonate (D-pHPGpTS) The addition of any of the 
^ZZl^ZTJT^T I"" P , re erCm l al cr y sta,,i2ation ° f L-pHPGpTS. In a similar way. the addition\>f poiy 
(p-acrylam do-L-a-methyl-phenyl alanine) or the corresponding methacryloyl polymer allows the preferential 
SoCSSE^ D -«- met t h y'- D O p A (3.4-dihyroxy-a-methy.-phenyl alanine). ^addition of^ny of the same D 
polymers allows preferential crystallization of L-a-methyl-DOPA. 
A similar resolution can be effected by using a device comprising two compartments separated bv a 

65 membrane, provided with means for agitation. The L-type polymer is in !ne compartment (A) whMeThe D-t^pe 
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polymer is in the second compartment (B). The polymer cannot diffuse through the membrane while the 
molecules of the substrate equilibrate (diffuse through the membrane). 

Our previous patent, U.S. Patent 4 533 506 describes that racemic conglomerates can be resolved by small 
molecular weight additives. We have now found that soluble polymers are much more efficient and useful. The 

5 fact that the additive is chemically bound to a polymer backbone, taking advantage of the cooperative effect, 
makes it possible to introduce the polymer in the desired solution in a very reduced amount (up to 1 % wt/wtj 
of the racemic mixture to be resolved. In addition the polymer is not occluded in the crystals but remains in 
solution. Improved resolution, us. high chemical and optical yield of the desired enantiomer is achieved. Since 
the additive is linked to a polymer of high molecular weight, it allows carrying out the resolution of a racemic 

10 mixture in a device of two compartments separated by 8 membrane. 



Experimental 

15 

This invention can be used to produce crystalline threonine, asparagine.H 2 0, glutamic acid.HCI, phenethyl 
alcohol (as its 3.5-dinitrobenzoate), histidine HCI.H a O and p-hydroxyphenylglycine (as its p-toluenesulphonate 
salt) enriched in the desired enantiomer, or in its pure enantiomeric form, without requiring the use of seed 
crystals of this enantiomer. The use of seed crystals of this enantiomer may, however, be desirable from the 
20 point of view of the rate of crystallization. For the case where a seed crystal of the desired enantiomer is used, 
this invention describes an improvement of the process for threonine, asparagine, glutamic acid.HCI, sec- 
phenethyl alcohol, histidine.HCI.H 2 0 and pHPGpTS by further addition in solution of the appropriate polymers 
for each compound. The following examples are illustrative to the present invention but are not to be 
interpreted in a limiting sense. 



JExamples 1-23: 

30 Glutamic acid.HCL : D,L glutamic acid (D,L-Glu) (1 g) and poly-(Ne-acryloyl-L-lysine) or poly-(Nc-methacryloyN 
Uysine or poly-[L-glutamyl)N-Acryloyl)hydrazide] were heated in hydrochloric acid 5ISI (5 ml) at about 60° C to 
complete dissolution. The solution was filtered, cooled to room temperature with or without agitation and seed 
crystals (0.5 mg) of D,L-Glu.HCI added. Crystals formed (20 hrs) were separated by filtration and their 
enantiomeric excess was determined. The conditions and the results are summarized in Tables I and II. 

35 



Example 24: 

40 An experiment for resolution of D,L-glutamic acid.HCI by a device composed of two compartments 
separated by a membrane is described. A round perspex piece of 9 cm exterior diameter, 6 cm internal 
diameter and 0.9 cm thickness was connected to another piece of perspex of the same dimensions via a 
membrane with cut-off of 10 000 - 15 000, and mechanically shaken for 48 h. Into each compartment a solution 
of 4 g D,L-glutamic acid in 20 ml of HCI 5N was introduced (total 8 g/40 ml). Pory-(Ne-acryloyl-L-lysine) or poly- 

45 (N c -methacryloyl-L-lysine) was dissolved in one compartment (A) while poly-(Nc-acryloyl-D-lysine) or poly-fN^ 
methacryloyl-D-lysine) was dissolved in the second compartment (B). Each compartment was seeded with 0.5 
mg of D,L-glutamic acid.HCL After 48 h the solid from each compartment was filtered to give from 
compartment (A) 605 mg of D-glutamic acid.HCI with (a)D - -24° C and from compartment (B) 575 mg of L- 
glutamic acid.HCI with (a)D « +24°C. 

50 



Examples 25-29: 

55 Asparagine.HoO : A slurry of D,L-Asn.H 2 0 (500 mg) and poly-(N^methacryloyl-L-lysine) in water (5 ml) was 
heated to about 80° C until complete dissolution occurred. The warm solution was filtered and cooled to room 
temperature without agitation. After 20 h the separated crystals were recovered by filtration and the 
enantiomeric excess was determined. The conditions and results are summarized in Table III. 

60 

Examples 30-38 

Threonine : D.L-Threonine (DL-Thr) and poly-(Ne-methacryloyl-L-lysine) or poly-(Ne-acryloyl-L-lysine) were 
65 heated in water to about 80°C until complete dissolution occurred. The hot solution was filtered and cooled to 
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rt , lTr m t r„T5 e TK tUre - 5**' 3 defined time the P^cipitate was filtered and the enantiomeric excess was 
determined. The conditions and results are summarized in Table IV. »°menc excess was 

Example 39 - 48: 

s ofML P n i »r»;t!TM l I ene , thY ,'/ BenZOate : A so, ? tion of 3 ' 5 -dinitro-DL-sec-phenethylben 2 oate in toluene and a 
£ ™»m«Sl P V ' ( N - a . crv '°y | -(P- am,n °- ben2 °y , )- D - sec -P hene thylamide) or the poly-L-analogue in N.N'-dfmethyl 
nh?„l?h ,t "."I?* t0 ? et * er - heat ed to complete dissolution, and seed crystals of 3 j£ii^™£2c- 
phenethylbenzoate (0.5 mg) added. The crystals which were formed were separated by filtration d ied and the 
enantiomeric excess was determined. The results and conditions are summarized in Table V 

Examples 49 -59: 

Histidine HCI.H 7 0: D.L-His.HCI.H 2 0 (3.2 g) and the appropriate polymer were slurried in water (5 ml) and the 
slurry was heated to complete dissolution. The hot solution was filtered and allowed to stanch I at 50° C for 20 hrs 

Sffj^arat'r co,,ected by fiitration and the "o^rastsEfjc 



Examples 60 - 67: 

Histidine HCLHI?0: D,L-His.HCI.H 2 0 (4.0 g) and the appropriate polymer were slurried in water (10 ml) and the 

S% ^VTT^f^^V 9 ^^' The h0t S0,Uti0n Was fi ' tered ' coo,ed t0 25 °^ seeded and ^w!d?S 
stand without agitation for 3 - 7 days. The crystals were collected by filtration and the enantiomeric e^s was 
determined. The results are summarized in Table VII. °™ nc excess w *»s 



Examples 68-76: 

a JL H Z G? J S : D ' L * p " PG Pp a " d the appropriate polymer were slurried in 0.5 M p-toluenesulfonic acid in water 

Sm^aSnl™t WI15 ^ /"* ' C ^l e S ° ,Uti ° n ° CCUrred ' ^ hot so,ution was filtered and aNowed to cTo t o 
room temperature without agitation. The crystals were collected by filtration and the enantiomeric excess was 
determined. The conditions and results are summarized in Table VIII. enanuomeric excess was 



Table I: (Glu.HCI. The following examples were carried out without agitation: 



Example 

1 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 



type of polymer 
L-PMAL 



L-PAL 
— 

•T 

D-PAL 

m 

L-PGAH 



weight* 1 

(%) of 

polymer 

3 

3 

2 

1 

1 

1 

0.5 

0.5 

0.1 

0.1 

3 

1 

0.5 
0.1 
0.5 
0.1 
1.0 
0.8 
0.5 



WD 
degree 
-23.3 
-23.7 
-24.2 
-23.2 
-24.0 
-24.2 
-23.8 
-23.6 
-11.8 
-10.2 
-24.0 
-23.8 
-23.3 
-23.8 
+ 22.9 
+ 23.7 
-23.7 
-24.2 
-24.2 



precipitated 
crystals 
e.e. (o/o) 

94.7 

96.3 

98.4 

94.3 

97.5 

98.4 

96.7 

95.9 

47.9 

41.4 

97.5 

96.7 

94.7 

96.7 

93.0 

96.3 

96.3 

98.4 

98.4 



chemical* 2 
yield % 
22.5 
25.2 
22.0 
26.6 
21.6 
22.0 
20.3 
26.5 
33.6 
37.2 
15.3 
12.5 
16.1 
11.6 
15.7 
19.3 
18.0 
10.0 
12.0 



EP0225503B1 



20 
21 



D-PGAH 



0.8 
0.5 



-24.0 
-24.2 



97.5 
98.4 



18.0 
18.0 



70 



75 



#1 expressed in weight % of racemic gluamic acid. HCI. This same (weight % of recemic material) is used in 
all the following tables. 

•2 the chemical yield is defined as; tota l Sffm&fesTi- This same notation is used in all the following tables. 
Table II: The following experiments were carried out with agitation (magnetic stirring) 



Example 
22 
23 



type of polymer 
L-PMAL 



weight* 1 

(%) of 

polymer 

1 

1 



[a]D 
degree 
-24.2 
-24.0 



precipitated 
crystals 
e.e. (<yo) 

98.3 

97.5 



chemical* 2 
yield % 
20.4 
22.0 



20 



25 



30 



35 



40 



45 



Table III: (Asn.H 2 0) 









precipitated 




conditions 




weight °/o of 


IP] D 


crystals 


chemical 


seeded 


Example 


polymer 


degree 


e.e. of 


yield % 


with 0.5 mg of 


25 


0.2 


- 4.3 


14 


52.2 


DL-Asn.H 2 0 


26 


1 


- 9.0 


29.5 


45.0 


DL-Asn.H 2 0 


27 


2 


-28.3 


92.7 


14.6 


D-Asn.H 2 0 


28 


4 


-12.0 


39.3 


40.0 


DL-Asn.H 2 0 


29 


4 


-27.7 


90.8 


15.6 


D-Asn.H 2 0 



Table IV: (Thr). The following experiments were carried out with D,L seed crystals (0.5 mg): 





DL-Thr 


Vol. of 


Weight % of 






precipitated 


chemical 


Example*' 


H 2 0 


Poly-(N-metha- 


time 


[a]D 


crystals 


yield % 


(9r) 


(ml) 


cryloy-L-lysine) 


h 


degree 


e.e 


30 


0.9 


3 


3.3 


20 


+ 15.0 


95.3 


23.1 


31 


1.5 


5 


1.3 


20 


+26.6 


94.6 


27.6 


32 


0.9 


3 


1.1 


6 


+25.7 


91.7 


12.6 


33 


1.5 


5 


1.1 


20 


+ 26.9 


96.0 


18.4 


34 


0.9 


3 


0.5 


6 


+25.3 


90.3 


10.0 


35 


0.9 


3 


0.5 


20 


+ 8.0 


28.5 


34.2 


36 


1.5 


5 


0.3 


20 


+25.8 


92.1 


19.0 


37 


0.9 


3 


0.5 


20 


+22 


78.5 


22.2 


38 


0.9 


3 


1 


20 


+23.9 


85.3 


19.6 



50 



* 55 



60 



65 



Experiments 30 - 36 were carried out without agitation and experiments 37 - 38 with agitation. 
Table V: (3,5-Dinitro-D,L-sec-phenethyl benzoate) 





wt. (gr) 


- ol.of 


Vol.of 


Polym 


Weight 






precipitated 


chemi< 




of DL- 


toluene 


DMF 


config. 


(%) of 


time 


[ct]D 


crystals 


yield < 


Example 


substr. 


' (ml) 


(ml) 




polym. 


h 


degree 


e.e. 


39 


1.4 


0.5 




D 


2 


5 


+37.5 


97.4 


6.4 


40 


1.5 


0.5 




D 


1 


7.5 


+38.5 


100 


10 


41 


1.5 


0.5 




D 


1 


11 


+ 33.5 


87 


15 


42 


1.5 


0.5 


1.5 


D 


3 


24 


+38.5 


100 


14 


43 


1.5 


0.5 




D 


0.2 


5 


+ 5 


13 


8.6 


44 


4.5 


0.5 




D 


1 


8 


+ 38.5 


100 


11.2 


45 


1.5 


0.5 






None 


3.5 


0 


0 


22 


46 


1.5 


0.5 




L 


1 


7 


-38.5 


100 


9.5 


47 


1.5 


0.5 


1.5 


L 


2 


18 


-38.5 


100 


11 


48 


1.5 


0.5 




L 


1.5 


6 


-38.0 


98 


7 
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Table VI: (His.HCI.H 2 0) 



10 



15 



20 



25 



30 





wt % 


type 




Of 


Of 


Example 


polymer 


polymer 


49 


1 


PA-Phe 


50 


1 




51 


1 




52 


1 




53 


1 


PAO-Tyr 


54 


1 




55 


1 


— 


56 


0 




57 


0 




58 


10 


PMAL 


59 


10 


PMAL 



Table VII: (His.HCI.H 2 0) 



polym. 
config. 

L 

L 

L 

D 

L 

L 

D 



L 
D 





wt % 


type 




Example 


of 


of 


polym. 


polymer 


polymer 


config. 


60 


2 


PA-Phe 


L 


61 


2 


PA-Phe 


D 


62 


2 


PAO-Tyr 


L 


63 


2 


PAO-Tyr 


D 


64 


3 


PA-Phe 


L 


65 


3 


PA-Phe 


D 


66 


3 


PAO-Tyr 


L 


67 


3 


PAO-Tyr 


D 



seeding 
with 
no 

D-His.HCI.H 2 0 
D-His.HCI.H 2 0 
L-His.HCI.H 2 0 
D-His.HCI.H 2 0 
D-His.HCI.H 2 0 
L-His.HCI.H 2 0 
D-His.HCI.H 2 0 
L-His.HCI.H 2 0 
D-His.HCI.H 2 0 
L-His.HCI-H 2 0 



seeding 
with 
D-His.HCI.H 2 0 
L-His.HCI.H 2 0 
D-His.HCI.H 2 0 
L-His.HC!.H 2 0 
DL-His.HCI.H 2 0 
DL-His.HCI.H 2 0 
DL-His-HCI.H 2 0 
DL-His.HCI.H 2 0 



WD 


precipitated 


chemical 


crystals 


yield % 


degree 


e.e. 


-8.8 


91.6 


6.9 


-9.6 


100 


10 


-9.1 


94.7 


11 


+ 9.6 


100 


10 


-9.6 


100 


8.4 


-9.6 


100 


8.3 


+ 9.2 


95.8 


8.5 


-0.9 


9.3 


11 


+ 0.8 


8.3 


10.3 


^.8 


50 


19.0 


+ 5.8 


50 


12.0 



[a]D 


precipitated 


chemical 


crystals 


yield % 


degree 


e.e. % 


-9.6 


100 


15 


+ 9.6 


100 


15 


-9.6 


100 


15 


+ 9.6 


100 


15 


-9.6 


100 


13 


+ 9.6 


100 


13 


-9.6 


100 


13 


+ 9.6 


100 


13 



Table VIII: (PHPGpTS) 



35 



40 



45 





D L 


weight 


Example 


PHpGpTS, 


<%>of 


gr/mr' 


polymer 


68 


0.4/2 


1.2 


69 


0.4/2 


5 


70 


0.5/2 


2.5 


71 


0.5/2 


2.5 


72 


0.5/2 


2.5 


73 


1.4/4 


1 


74 


1.4/4 


1 


75 


1.4/4 


1.5 


76 


1.4/4 


1 



type of polym. 
polymer config. 



PMAL 



PA-Phe 



L 
D 
L 
L 
L 
L 
D 
L 
L 



seeding 
with 
No 
No 
No 

D-PHPGpTS 



L-PHPGpTS 
DL-PHPGpTS 
DL-PHPGpTS 



time 


[a] 


precipitated 


chemical 


crystals 


yield % 


h 


degree 


e.e. 


20 


-65.7 


97.6 


13.2 


20 


+ 65 


96.5 


12.2 


20 


-38.5 


57.2 


25.8 


20 


-24.0 


35.7 


32.4 


20 


-59.7 


88.7 


22.8 


2 


-66 


98.0 


16.5 


2 


+ 67.2 


99.8 


10.0 


2 


-25 


37.1 


27 


2 


-33 


49.0 


21 



so 



* A solution of 0.5N of p-toluenesulfonic acid in water. 
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Claims 

™!.'„f proc f ss l OT the Wnetic resolution of D,L racemic mixtures of compounds crystall«in 0 in the form of 
T ?. u P ersaturated solutions of same which comprises effecting^ cSa ^onTthe 

of tht SSr!n^SS^& t0 ^2J,. , ■ WHere COns,0merata *>"» » «• *. polymer is an inhibitor 

3. A process according to claim 1 or 2 . where the D,L racemic mixture is one of an amino acid 
en a „tio P ™ S ^ a ,h COrd,n9 -° C '- im 2 3 ' Where the inhibitor ' an ami "° «*» bound to polymer is one of the 

^o^^^^^^J^^l *° P^mer is a po.y-Nc-acry.oy, or po.y-M. 
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6. A process according to any of claims 1 to 5, whenever effected in a system comprising two compartments 
separated by a membrane permeable to the constituents of the racemate, yet impermeable to the polymer- 
bound moieties, where in one compartment there is located an inhibitor for the crystallization of the L-form, 
and in the other an inhibitor for the crystallization of the D-form, said inhibitors being polymer-bound inhibiting 

5 moieties. 

7. A process according to any of claims 1 to 6, for resolution of a mixture of D- and L-glutamic acid 
hydrochloride material which comprises forming a supersaturated solution of said mixture, adding poly-(N c - 
acryloyl-L-lysine) or poly-(Nc-methacryloyl-L-lysine) or poly-[L-a-glutamyl-(N-acrytoyl)hydrazide] as an in- 
hibitor of the L-amino acid when D-amino acid is desired, or a similar additive in the D-form when L-form is 

10 desired, and crystallizing part of the compound from said supersaturated solution. 

8. A process according to claim 7, wherein also seed crystals of the desired form of Glu.HCI are added during 
the crystallization steo. 

9. A process according to claim 7 or 8 whenever executed in a membrane-separated two-compartment 
system. 

15 10. A process according to any of claims 1 to 6, for resolution of a mixture of D- and L-forms of asparagine, 
which comprises forming a supersaturated solution of said mixture, adding polymer-bound L-lysine as 
crystallization inhibitor of the L-form of asparagine when the D-form of asparagine is desired, or including the 
D-form of these polymers when the L-form of asparagine is desired, and crystallizing a portion of the 
asparagine from said supersaturated solution. 

20 11. A process according to claim 10, where, in addition seeds of asparagine of the desired form are added to 
said supersaturated solution. 

12. A process according to any of claims 1 to 6 for the resolution of a mixture of D- and L-form of threonine 
which comprises forming a supersaturated solution of said mixture adding polymer bound L-lysine as 
crystallization inhibitor of the L-form of threonine when the D-form of threonine is desired, or including the D- 

25 form of the polymer when the L-form of threonine is desired, and crystallizing a portion of the threonine from 
said supersaturated solution. 

13. A process according to claim 12, where in addition seeds of threonine of the desired form are added to 
said supersaturated solution. 

14. A process according to any of claims 1 to 6, for resolution of a mixture of D- and L-Histidine HCI which 
30 comprises forming a supersaturated solution of said mixture, adding polymer bound L-lysine or polymer bound 

p-amino-L-phenyl alanine or polymer bound L-p-tyrosine as an inhibitor of the L-amino acid when the D-amino 
acid is desired or a similar polymeric additive in the D-form when the L-form is desired, and crystallizing part of 
the compound from said supersatured solution, at a temperature of 45° C or above. 

15. A process according to claim 2, for resolution of a mixture of D- and L- Histidine HCI which comprises 
35 forming a supersaturated solution of said mixture, adding polymer bound p-amino-L-phenyl alanine or polymer 

bound L-p-tyrosine as an inhibitor of L-amino acid when the D-amino acid is desired or a similar polymeric 
additive in D-form when the L-form is desired, and crystallizing part of the compound from said supersaturated 
solution at a temperature of 45° C or below. 

16. A process according to any of claims 14 or 15, wherein also seed crystals of the desired form of 
40 H1s.HCI.H2O are added during the crystallization step. 

17. A process according to any of claim 1 to 6, for a resolution of a mixture of D and L-pHPGpTS which 
comprises forming a supersaturated solution of said mixture, adding polymer bound L-lysine or polymer bound 
p-amino-L-phenyl alanine or polymer bound L-p-tyrosine as an inhibitor of the L-amino acid when the D-amino 
acid is desired, or a similar polymeric additive in the D-form when the L-form is desired, and crystallizing part 

45 of the compound from said supersaturated solution. 

18. A process according to claim 17, wherein also seed crystals of the desired form of pHPGpTS are added 
during the crystallization step. 

19. A process according to any of claims 1 to 6, for resolution of a mixture of D-and L-forms of 3,5-dinitro-sec- 
phenethylbenzoate, which comprises forming a supersaturated solution of said mixture, adding poly-[N- 

50 acryloyl-(p-aminobenzoyl)-D-sec-phenethylamide] or the methacryloyl analogue as crystallization inhibitor of D- 
form of 3,5-dinitro-sec-phenethylbenzoate when L-form is desired, or including the L-forms of these polymers 
when D-form of 3,5-dinitro-sec-phenethyIbenzoate is desired and crystallizing a portion from said supersatu- 
rated solution. 

20. A process according to any of claims 7, 10, 12, 14, 17 or 19, where the polymer bound form used is poly- 
55 (N^acryloyl) lysine or poly-(Nc-methacryloyl)-L-lysine or a corresponding polymer, as defined in the specific 

claims. 

21. Chiral soluble polymers for use in the resolution according to claim 1, of racemic mixtures of enantiomers, 
containing a specific entity which retards the crystallization of one of the enantiomers. 

22. A chiral soluble polymer according to claim 21, of the form of poly-(N c -acryloyI-L« or D-amino acid) or 
60 poly-tN^-methacryloyl-L- or D-amino acid), where said amino acid is adapted to retard the crystallization of one 

of the enantiomers of the mixture to be resolved. 
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Revendications 



20 



25 



1. Precede de resolution cinetique de melanges racemiques D.L de composes cristallisant sou* )nm „ h» 
5 cri«t 9 a S atS * Partir d8 S °J^ ti0nS Purees de ces memes composSrquTcompS la eaHsat on de la 
f?.. p . resenc f d . une Active d'un inhibiteur de cristallisation d'une des formes C et 

2 Proc^co^ P ° ,yrnere < P. uis . la P oureui « de la cristallisation preferentielle de I'autre forme 
,e poS e e r^ - — — e« dans laqueUe 

10 anin? 006 ^ COni ° me aux indications 1 ou 2. dans lequel le melange D. L racemique est ce.ui d'un acide 
e« rundtl^ 3 '. da " S lequel linh ibiteur. «" acide amine lie a un polymere, 

^^^^^^^^^ -.-si ^zssssr chimique de ce deri ~ une 

IS J^^^-^^^^^^ - ^« est un poly-N-e-acryloyle ou 
7 ^ f™ P f /V 088 inhibiteur* etant des groupes actifs. fixes sur des polymeres. 

deVf^^u^ sc^sss 0 ,^ s»:r e9a, ~ des cristaux 

» de 9 uxX^m°en^U ^ ' eqUe ' * « effeCtUea da " s » ^ a 

r a lLrI°° ede conforrne 3 '' una des revendications 1 a 6. pour la resolution d'un melange des formes D et L de 
n^EES'r 8 ' qU ' COm P ran _ d . ,a formation d'une solution sursaturee de ce melange. raddWwTde TKine We 4 
un polymere. comme inhibiteur de cristallisation de la forme L de I'asparagine lorsqu'on ctesire la fo™JS 
35 riS'2 h" ' addit !?" H de „' a forma D °e ces polymeres. lorsqu'onVsirelaSe I de Z S £ a g™ ? t 1a 
35 cristallisation d une part.e de I'asparagine a partir de la dite solution sursaturee asparagine. et la 

^^^^^S^^ S ' eqUe ' °" *" -« « <—ment en asparagine 

thri rt ^ r „°» Cede - confonne . f, 1 '"" 6 des revendications 1 a 6, pour la resolution de melanges de formes D et L de la 
!.n Z • q "' com P rend ' a formation d'une solution sursaturee dudit melange, ('addition de Uysine fixSe sir 
radSion'de to To^S' f & f °, rme L . d " If- thr6 ° ni " e ' '° rSC ' U ' 0n des * e la form^D de la ^0^. ou 
pa^l^^ «™ L da ' a *' a °"^ « ' a cristallisation d'une 

eniem^e^ *~ ^ - a i°" a ' a ' a sursaturee. un 

^t'L h^twfol 6 COnforrne a u "? des revendications 1 a 6. pour la resolution d'un melange de chlorhydrates de D 
et L h st.dine. qui comprend la formation d'une solution sursaturee dudit melange, ('addition de Uysine Ii6e a 
tahiH ^Z 0 ,- de P am "o-L-phenylalanine liee a un polymere, ou de L-p-tyrosine 116^ un poTyme^e Lmme 
in™i n . . C,de . am ' n ^ 4 '° rsqu on desire obtenir l acide am ine D. ou un additif polymdre ^milafre de 

- ^^z^:^^:^^ on d ' une p - ie d - — * a pW*«rss£ 

pheny alaline liee a un polymere ou de L-p-tyrosine liee a un polymere comme inhibiteur de l'acide arn^A L 
.° n IT ' re - 0 *"*''»W«» amine D, ou d'un additif polymere analogue de ?o me D foriqSn Z la 
^cSumSSS^ d P8rtie dU C ° mP0SB 9 P3rtir da ,adite so,utio " ^^rmSJe 8 

rf'aneam&n^am a^? 1 ^ 0 i!!' 16 .^^!' j^T e /!. d !f! a 5'.? n ?. J!^ . 15 '. da "s 'equel on ajoute egalemen, des cristaux 
" W^Zu.'Z^ZZ' Ti"" U "" BB UB "»-n w.n a u penaant l etape de cristallisation. 

17. Proced6 conforme a I une des revendications 1 a 6 pour la resolution d'un melanae de D et L nHnRPT<! 
qui comprend la formation d'une solution sursaturee dudit melanae I'addition , ri. i £2£. »£, I L pH P 6P T S ' 
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19. Procede conforme a Tune des revendications 1 a 6, pour ta resolution d'un melange des formes D et L du 
dinitro-3,5~benzoate de sec-phenethyle, qui comprend la formation d'une solution sursaturee dudit melange, 
I'addition de poly-[N-acryloyl-(p-aminobenzoyl)-D-sec-phenethylamideJ ou du polymere methacrylique corres- 
pondent, comme inhibiteur de cristallisation de la forme D du dinitro-3,5-benzoate de sec-phenethyle, 

5 lorsqu'on desire obtenir la forme L f ou I'addition de la forme L de ces polymeres, lorsqu'on desire obtenir la 
forme D du dinitro-3,5-benzoate de sec-phenethyle, et ta cristallisation d'une partte de ladite solution 
w sursaturee. 

20. Procede conforme a I'une des revendications 7, 10, 12, 14, 17 ou 19, dans lequel le polymere utilise est le 
poly-(N-e-acryloyl) lysine ou le poly-(N-e-methacryloyl)-L-lysine ou un polymere correspondent tel que defini 

10 dans les revendications specifiques. 

21. Polymeres solubles chiraux, pour emploi dans la resolution de melanges racemiques d'enantiomeres, 
conformement a la revendication 1, contenant une entite specif ique qui retarde la cristallisation de Tun des 
enantiomeres. 

22. Polymere soluble, chiral, conforme a la revendication 21, de la forme du poIy-(N-e-acryloyl-aminoacide L 
15 ou D) ou poly-(N-E-methacryloyl-aminoacide L ou D), dans lequel ledit acide amine est adapte pour retarder la 

cristallisation de Tun des enantiomeres du melange a separer. 



20 PatentansprOche 

1. Verfahren zur kinetischen Spaltung razemischer D,L-Mischungen von Verbindungen, die in Form von 
Konglomeraten aus ihren ubersattigten Losungen kristallisieren, dadurch gekennzeichnet . daB die Kristallisa- 
tion in Gegenwart einer wirksamen Menge eines polymergebundenen Kristaliisationshemmers der einen Form 

25 vorgenommen wird, der somit die bevorzugte Kristallisation der anderen Form fordert. 

2. Verfahren nach Anspruch 1, wobei das Konglomerat metastabil und das Polymer ein Hemmer der stabilen 
razemischen Form ist. 

3. Verfahren nach Anspruch 1 oder 2, wobei die razemische D,L-Mischung die einer Aminosaure ist. 

4. Verfahren nach den Anspruchen 1, 2 oder 3, wobei der Hemmer, eine polymergebundene Aminosaure, 
30 eines der Enantiomeren der zu trennenden razemischen Mischung, eine chemische Modifikation davon oder 

eine andere Einheit ist, die bekannt ist, die Kristallisation eines der Enantiomeren zu hemmen. 

5. Verfahren nach einem der Anspruche 1 bis 4, wobei das Polymer ein Poly-nJe-acryloyl- oder ein Poly-N*- 
methacryloyl-Polymer darstellt, mit dem die hemmende Einheit verbunden ist. 

6. Verfahren nach einem der Anspruche 1 bis 5, durchgefuhrt in einer Anordnung aus zwei Zellen, die durch 
35 eine fur die Bestandteile des Razemats durchlassige, jedoch fur die polymergebundenen Einheiten undur- 

chlassige Membran getrennt sind, wobei in der einen Zelle der Kristallisationshemmer der L-Form, in der 
anderen der der D-Form vorliegt, und die Hemmer dabei polymergebundene hemmende Einheiten sind. 

7. Verfahren nach einem der Anspruche 1 bis 6 zur Spaltung einer Mischung aus D- und L-Glutaminsaure- 
hydrochlorid, dadurch gekennzeichnet, daB man eine ubersattigte Losung der Mischung bildet, zur Gewinnung 

40 der D-Aminosaure Poly-(Nt-acryloyl-L-lysin) oder Poly-{Nc-methacryloyl-L-lysin) oder Poly-[L-a-g!utamyl-(N- 
acryloyl)-hydrazid] ais Hemmer der L-Aminosaure zusetzt, oder zur Gewinnung der L-Form das entsprechende 
Additiv in der D-Form zusetzt, und den entsprechenden Teil der Verbindung aus der ubersattigten Losung 
kristallisieren la&t. 

8. Verfahren nach Anspruch 7, wobei Impfkristalle der gewunschten Glutaminsaure-hydrochlorid-Form 
45 wahrend der Kristallisation zugesetzt werden. 

9. Verfahren nach Anspruch 7 oder 8, dadurch gekennzeichnet, daB es in einer durch eine Membran 
getrennten Zwei-Zellen-Anordnung durchgefuhrt wird. 

10. Verfahren nach einem der Anspruche 1 bis 6 zur Spaltung einer Mischung der D- und L-Form von 
Asparagin, dadurch gekennzeichnet, daB man eine ubersattigte Losung der Mischung bildet, zur Gewinnung 

50 der D-Form von Asparagin polymergebundenes L-Lysin als Kristallisationshemmer der L-Form von Asparagin 
zusetzt oder zur Gewinnung der L-Form von Asparagin die D-Form dieser Polymere zusetzt und den 
entsprechenden Teil des Asparagins aus der ubersattigten Losung kristallisieren laBt. 

11. Verfahren nach Anspruch 10, wobei Impfkristalle von Asparagin in der gewunschten Form der 
ubersattigten Losung zugesetzt werden. 

55 12. Verfahren nach einem der Anspruche 1 bis 6 zur Spaltung einer Mischung der D- und L-Form von 
Threonin, dadurch gekennzeichnet, daB man eine ubersattigte Losung dieser Mischung bildet, zur Gewinnung 
der D-Form von Threonin polymergebundenes L-Lysin als Kristallisationshemmer der L-Form von Threonin 
zusetzt oder zur Gewinnung der L-Form von Threonin die D-Form dieses Polymers zusetzt und den 
entsprechenden Teil des Threonins aus der ubersattigten Losung kristallisieren laBt. 

67? 13. Verfahren nach Anspruch 12, wobei Impfkristalle von Threonin in der gewunschten Form der 
ubersattigten Losung zugesetzt werden. 

14. Verfahren nach einem der Anspruche 1 bis 6 zur Spaltung einer Mischung von D- und L-Histidin HCI, 
dadurch gekennzeichnet, daB man eine ubersattigte Losung dieser Mischung bildet, zur Gewinnung der D- 
Aminosaure polymergebundenes L-Lysin oder polymergebundenem P-Amino-L-phenylalanin oder polymer- 

65 gebundenem L-p-Tyrosin als Hemmer der L-Aminosaure zusetzt oder zur Gewinnung der L-Form ein 
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entsprechendes polymeres Additiv der D-Form zusetzt und den entsprechenden Teil der Verbindung aus der 
ubersattigten Losung bei einer Temperatur von 45° C oder daruber kristallisieren lafct. 

15. Verfahren nach Anspruch 2 zur Spaltung einer Mischung von D- und L-Histidin HCI dadurch 
gekennzeichnet, da6 man eine ubersattigte Losung dieser Mischung bildet, zur Gewinnung der D-Aminosaure 
polymergebundenes p-Amino-L-phenylalanin oder polymergebundenes L-p-Tyrosin als Hemmer der L-Amino- 
seure zusetzt odor zur Gewinnung der L-Form ein entsprechendes polymeres Additiv der D-Form zusetzt und 
den entsprechenden Teil der Verbindung aus der ubersattigten Losung bei einer Temperatur von 45° C oder 
darunter kristallisieren laSt. 

16. Verfahren nach den Anspruchen 14 oder 15, wobei Impfkristalle von Histidin-hydrochlorid-monohydrat in 
der gewunschten Form wahrend der Kristallisationsstufe zugesetzt werden. 

17. Verfahren nach einem der Anspruche 1 bis 6 zur Spaltung einer Mischung von D- und L-pHPGpTS 
dadurch gekennzeichnet, da& man eine ubersattigte Losung dieser Mischung bildet, zur Gewinnung der D- 
Aminosaure polymergebundenes L-Lysin, polymergebundenes p-Amino-L-phenylalanin oder polymergebun- 
denes L-p-Tyrosin als Hemmer der L-Aminosaure zusetzt oder zur Gewinnung der L-Form ein entsprechendes 
polymeres Additiv der D-Form zusetzt und den entsprechenden Teil der Verbindung aus der ubersattiqten 
Losung kristallisieren la&t. y 

„ ? 8 ' y, erf 3 nre " nach Anspruch 17, wobei Impfkristalle von pHPGpTS in der gewunschten Form wahrend der 
Kristallisationsstufe zugesetzt werden. 

19. Verfahren nach einem der Anspruche 1 bis 6 zur Spaltung einer Mischung der D- und L-Form von 3,5- 
Dinttro-sec-phenathylbenzoat, dadurch gekennzeichnet, da& man eine ubersattigte Losung dieser Mischung 
bildet, zur Gewinnung der L-Form Poly-[N-acryloyl-(p-aminobenzoyl)-D-sec-phenathy!amid] oder das Me- 
thacryloyl-Analoge als Kristallisationshemmer der D-Form von 3,5-Dinitro-sec-phenathylbenzoat zusetzt oder 
zur Gewinnung der D-Form von 3.5-Dinitro-sec-phenathy!benzoat die L-Form dieser Polymere, und den 
entsprechenden Teil aus der ubersattigten Losung kristallisieren la&t. 

20. Verfahren nach einem der Anspruche 7, 10, 12, 14, 17 oder 19, wobei die verwendete polymergebundene 
Form Poly-(Nc-acryloyl)-lysin, Poiy-{N^methacryloyl)-L-lysin oder ein entsprechendes Polymer, wie in den 
einzelnen Anspruchen beschrieben, ist. 

21. Chirale losliche Polymere zur Verwendung bei der Spaltung von razemischen Gemischen von 
Enantiomeren nach Anspruch 1, die eine bestimmte Einheit enthalten, die die Kristallisation eines der 
Enantiomere verzogert. 

22. Ein chirales losliches Polymer nach Anspruch 21 in der Form von Poly-(Nc-acryloyl-L- oder D-aminosaure) 
oder Poly-(Ns-methacryloyl-L- oder D-aminosaure), wobei die Aminosaure die Kristallisation eines der 
Enantiomere derzu trennenden Mischung verzogert. 



10 



